Background: Very limited data are available on childhood gastric cancer. Using a retrospective survey and literature review, we assessed the clinical features of gastric cancer in children and adolescents. Methods: We collected information on childhood gastric cancer from pediatricians of 518 hospitals that issue the title of "certified board pediatrician" approved by Japan Pediatric Society, using a questionnaire on background, diagnosis year, onset symptoms, tumor location, histology, nodular gastritis, Helicobacter pylori testing, treatment, and prognosis. Studies were collected using PubMed and the NPO Japan Medical Abstracts Society database. Data for childhood gastric cancer were abstracted from the Japanese Vital Statistics database.
Gastric cancer is the second most common cancer in Japan, with approximately 46 000 deaths annually.
1 Gastric cancer in children and adolescents, however, is very rare. Childhood gastric cancer is estimated to account for only 0.05% of all gastrointestinal malignancies. 2, 3 Because of the rarity of childhood gastric cancer, previous reports are limited to case reports or case series.
The main cause of gastric cancer in adults is Helicobacter pylori.
4-7 H. pylori was discovered by Marshall and Warren in 1983 8 and has since been shown to cause chronic gastritis as well as gastric and duodenal ulcers in children and adults. [9] [10] [11] [12] This infection is acquired primarily in early childhood [13] [14] [15] [16] and usually persists unless eradicated with treatment. The International Agency for Research on Cancer of the World Health Organization classified H. pylori as a definite carcinogen in 1994. 4 There is also strong evidence that H. pylori infection causes gastric cancer in Japanese subjects. In a prospective study, a certain proportion of H. pylori-infected patients developed gastric cancer, whereas no uninfected patients developed gastric cancer during the follow-up period. 5 Several studies have also reported a very low prevalence of H. pylori-negative gastric cancer in the Japanese population. 6, 7 No information describes the relationship between gastric cancer and H. pylori infection in childhood.
The main purpose of this study was to clarify the clinical features of childhood gastric cancer and its association with H. pylori in Japan, where gastric cancer is prevalent in adults. We also extracted data on gastric cancer deaths for children and adolescents aged 0-19 years from the Japanese Vital Statistics database. 
Methods

Nationwide survey
We retrospectively examined gastric cancer in children and adolescents (aged <20 years) using a questionnaire specifically designed for this study. The questionnaire was sent to directors of hospitals that issue the title of "certified board pediatrician" approved by the Japan Pediatric Society. It included the following information: name of the hospital or institution; name of the physician who answered the questionnaire; and whether the physician had diagnosed or treated gastric cancer in patients aged <20 years. If the physician had diagnosed or treated a patient(s) with gastric cancer, we asked for further details, such as patient background (sex, age, family history of cancer), year of gastric cancer diagnosis, symptoms that prompted the patient to visit the clinic or hospital, tumor location, histologic type, presence of nodular gastritis, H. pylori testing and treatment, gastric cancer treatment, and prognosis.
This study was approved by the institutional review board of Hyogo College of Medicine (no. 2134) in 2016, and conformed to the tenets of the declaration of Helsinki. This study was announced on the Sasayama Medical center of Hyogo College of Medicine home webpage. Informed consent could not be obtained because this was a retrospective study, and all patients were anonymized.
Previous reports
We reviewed reports of gastric cancer in Japanese children using PubMed and the NPO Japan Medical Abstracts Society database (Ichushi-Web). The search key words were "gastric cancer", "children", and "Japan".
Japanese Vital Statistics database
As background information, we extracted the number of gastric cancer deaths in patients <20 years of age (code 151 in the International Statistical Classification of Diseases and Related Health Problems-8 [ICD-8] and ICD-9; code C16 in ICD-10) after the year 2000 from the Japanese Vital Statistics database.
1 These data are given per 5 year age category. This study was approved by the institutional review board of Hyogo College of Medicine (no. 2134) in 2016, and conformed to the tenets of the declaration of Helsinki. This study was announced on the Hospital's home webpage. Informed consent could not be obtained because this was a retrospective study, and all patients were anonymized.
Results
Nationwide survey
In 2016, we sent the questionnaire to 518 hospitals and received responses from 349 (67.4%). Three hundred and forty-five physicians reported no childhood gastric cancer cases, and four answered that they had diagnosed or treated childhood gastric cancer patients. In total, five patients were reported with ages ranging from 12 to 19 years, but we excluded one because of incomplete data. We analyzed data from these final four patients aged 12-19 years (Table 1 ). Three of the four patients were girls, and two patients had a family history of cancer. The father and grandfather of patient 167-1 had gastric cancer, and patient 167-2 0 s father had thyroid cancer and her grandmother had ovarian cancer. These four patients each presented with 
Previous reports
Four case reports were identified in PubMed. [17] [18] [19] [20] Reviewing the NPO Japan Medical Abstracts Society (Ichushi-Web) database, we found two Japanese reviews, one in 1982 21 and one 1986, 22 and new cases that were added were not duplications. [23] [24] [25] [26] [27] [28] [29] [30] Seventy-seven children with gastric cancer were found in the review. We confirmed the absence of overlap cases between the first nationwide survey and the cases found in the review, we added the three children under 16 years old from the survey, analyzing data for a total of 80 children ( Table 2) . [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Seventy-two children (90%) were aged >10 years, and we found no sex differences. Onset symptoms varied: abdominal pain was documented in 34% of the patients. The remainder of the symptoms were non-localized. Sixteen of 44 children (36%) had a family history of cancer, and 10 had a family history of gastric cancer. Histology confirmed that approximately 80% of the children had undifferentiated-type carcinoma. The prognosis was extremely poor, and 44/56 children (79%) died. Only three children, including one identified in the survey, underwent H. pylori testing, and two were positive. One patient with adenocarcinoma at the esophagogastric junction was negative for H. pylori in the non-pathological gastric mucosa. 18 
Japanese Vital Statistics database
The number of gastric cancer deaths in patients <20 years of age is shown in Figure 1 . 1 The number of gastric cancer deaths was the highest in 1967 at 54 deaths. The rate declined in the following years and has not exceeded 10 deaths per year since 1985, except for 1992. In the 30 years from 1986 to 2015, the number of gastric cancer deaths in children aged <15 years was only 15. Based on these data, we calculated the proportion of gastric cancer deaths in patients under 20 years of age to those for all ages (Fig. 2) . The proportion decreased from 1968 onward: the maximum death rate was 0.113% in 1967, and the minimum was 0.003% in 2011.The percentage of girls <20 years of age in the total number of female deaths exceeded that of boys in most years.
Discussion
Using a questionnaire, we retrospectively collected information on gastric cancer in children and its related factors, including H. pylori infection. To our knowledge, this study is the first nationwide survey of gastric cancer in children that targeted board-certified pediatricians (as approved by the Japan Pediatric Society) in hospitals throughout Japan. In this nationwide survey of pediatricians, only three children and one adolescent with gastric cancer were reported in 2004-2014. The questionnaire was answered by the pediatricians themselves in hospitals covering almost all of the care of pediatric patients with serious diseases. We received responses from 67.4% of the hospitals; according to the Japanese vital statistics data between 2004 and 2015, however, the number of gastric cancer deaths in patients <15 years of age was seven; we identified only two patients in our survey. For the gastric cancer incidence (Fig. 3) , the cancer registry cannot reflect the whole gastric cancer incidence because cancer registry notification in Japan is not obligatory. In addition, the estimation methods and regions included differ according to year. 1 These data, however, can be used for reference. From 2004 to 2013, 76 gastric cancer cases involving patients aged 15-19 years, and 24 cases involving patients aged 10-14 years were registered, but in the hospital-based survey, only one and three cases were identified, respectively. One of the reasons for this was that the subjects of the survey were pediatricians, not surgeons or gastroenterologists. Also, the low response rate of the survey and/or non-recognition of past cases may have contributed to the lower detection rate. Although, however, the number of cases obtained from the hospital-based survey was small, we did have detailed background information on the gastric cancer patients, and identified a gastric cancer child with H. pylori infection.
As shown in the present study, gastric cancer is a rare disease in children, even in Japan, where gastric cancer is prevalent in adults. This is consistent with previous studies. 2, 3 In Turkey, 750 children (mean age, 10.1 years) underwent upper gastrointestinal endoscopy, but no gastric cancer was detected. 31 During the years 1952-2006, 21 children with primary gastric tumors were treated at Children's Hospital Los Angeles, and only two were diagnosed with gastric cancer (adenocarcinoma). 32 The literature review and survey identified 80 cases of gastric cancer in children, and most children were older than 10 years and had variable onset symptoms. Because of the very rare incidence, variable symptoms, and because endoscopy may be difficult to perform, diagnosing gastric cancer in children is very difficult and may be related to the poor prognosis.
The association between gastric cancer and H. pylori infection remains unclear in children. Also, we found no reports on No. gastric cancer deaths: 0-19 years of age/all ages (%) Calendar year Fig. 2 Proportion of gastric cancer deaths in patients <20 years to deaths for all ages in ( ) the total group; ( ) male patients; and ( ) female patients.
an association between H. pylori infection and gastric cancer in children. In the present survey and review, only three children underwent testing for H. pylori infection, and two were H. pylori positive. One of the positive cases was detected in the present survey, and a negative case and another positive case were detected in the review. 18, 20 The vital statistics data allowed us to examine trends in gastric cancer deaths in children and adolescents. The proportion of gastric cancer deaths in patients <20 years of age relative to that for all ages, as well as the number of deaths in the <20 years group, decreased beginning in approximately 1968, which means that gastric cancer deaths in younger patients decreased more rapidly than that of older patients. Because the prognosis of gastric cancer in children is extremely poor, gastric cancer deaths in children reflects gastric cancer occurrence. In a cross-sectional study of H. pylori-antibody positivity involving 14 716 patients aged ≥20 years, the prevalence of H. pylori infection was highest in the 1940-1949 birth cohort (approx. 50%); decreased in the ensuing birth cohorts; and by 1980, the infection rate was approximately 10%. 33 For Japanese junior high school students, the reported H. pylori infection rate was 4.8% in 2015. 34 Because H. pylori prevalence is determined by the infection rate in patients <5 years of age, [13] [14] [15] [16] the infection rate has decreased to approximately 1/10 in 50 years. This rapid decrease in gastric cancer deaths in patients <20 years of age may reflect the decreasing prevalence of H. pylori infection in the Japanese population, overall. This decrease is difficult to explain based on other factors such as diet or developments in gastric cancer treatment. The present findings suggest that H. pylori infection may play a role in gastric cancer development in children and adolescents.
With regards to the difference in gastric cancer between children and adults, we speculated as follows: gastric cancer in children and adolescents has a higher proportion of undifferentiated-type carcinoma compared with that in adults.
Undifferentiated-type carcinoma appears in the background of pan-gastritis caused by H. pylori infection, and differentiated gastric cancer is often caused by progressive atrophic gastritis following body-dominated gastritis and intestinal metaplasia. 5, 35 The percentage of undifferentiated-type carcinoma increases in children and adolescents because the proportion of total gastritis in children and adolescents is higher than that in adults. 36 In contrast, in adults, the percentage of bodydominated gastritis is high and differentiated gastric cancer increases. 36 It is speculated that genetic abnormality is strongly related to the occurrence of gastric cancer in children, adolescents and young adults. 37 In this review and survey, it was unclear whether H. pylori infection was present or not, but we speculate that pediatric gastric cancer involves pure genetic abnormality or H. pylori infection in addition to genetic abnormality as a background. To explain the similar ratio of male to female, we speculated as follows: the degree of atrophic gastritis and intestinal metaplasia is stronger in men than in women and is the reason for the adult male predominance. 38 In contrast, given that undifferentiated-type carcinoma is not associated with atrophic gastritis, it may not have a sex difference.
There are several limitations to our study. First, we sent the questionnaire to pediatricians who usually treat children younger than 15 years, and we may have failed to capture gastric cancer in patients aged 15-19 years. Second, we relied on a questionnaire to collect demographic and clinical information on gastric cancer. Gastric cancer in children may also be diagnosed and/or treated in surgery or internal medicine departments, and these details may not have been reported; therefore, we may not have captured all cases in this study. The literature review showed that only three patients underwent assessment for H. pylori infection; therefore, we cannot confirm a direct association between H. pylori and childhood gastric cancer. Further study is needed. In conclusion, gastric cancer in children is rare in Japan. In the present nationwide survey and literature review, H. pylori infection was confirmed in two reported cases. The decreasing gastric cancer death rate in patients <20 years of age may reflect the decreasing prevalence of H. pylori infection in the overall Japanese population. Further study is needed, however, to confirm an association between H. pylori and gastric cancer in children and adolescents.
